The role of self-management in adolescents with type 1 diabetes mellitus is not well understood.
T
here is no such thing as a "day off" for adolescents with Type 1 diabetes mellitus (T1D) or their families related to the demanding cognitive, behavioral, emotional, and social skills necessary to achieve successful selfmanagement outcomes. During adolescence, youth take on more independence with self-management, and families adjust by sharing the responsibility for disease management. Research has consistently shown that youth with T1D experience a decline in metabolic control that extends through adolescence (Urbach et al., 2005) . Self-management is critical if individuals are to minimize their risk of diabetes complications and ensure improved health outcomes, such as metabolic control and quality of life (Silverstein et al., 2005) .
There is no such thing as a "day off" for adolescents with type 1 diabetes mellitus Until recently, there has been a lack of clarity regarding the concept of self-management (Guo, Whittemore, & He, 2011) . The individual and family self-management theory (IFSMT; Figure 1) , congruent with the current state of selfmanagement science, conceptualizes self-management as "…a process in which individual and families use knowledge and beliefs, self-regulation skills and abilities and social facilitation to achieve health-related outcomes. SM takes place in the context of risk and protective factors." Outcomes in the IFSMT are either proximal (self-management behaviors) or distal (health status, quality of life, and health costs; .
Metabolic control indicated by hemoglobin A1c (A1c) level has been the most studied outcome in adolescents with T1D. This value reflects mean glucose control over the past several months and is a predictor of chronic complications. The A1c test does not provide any information on glucose variability or hypoglycemia. A target A1c goal for all youth with T1D is less than 7.5% (American Diabetes Association, 2016a , 2016b . Risk factors associated with elevated A1c include biological (puberty and increased insulin resistance) and psychosocial variables (peers and social situations, competing demands, lack of planning and communication, and negative emotions; Goran & Gower, 2001; Helgeson, Reynolds, Siminerio, Escobar, & Becker, 2008) . Higher levels of depressive symptoms have been linked to less frequent blood glucose monitoring, less optimal A1c (McGrady, Laffel, Drotar, Repaske, & Hood, 2009) , and an increase in diabetesspecific hospitalizations (Stewart, Rao, Emslie, Klein, & White, 2005) .
Protective factors associated with improved A1c include more frequent blood glucose monitoring, lower daily insulin doses, less missed bolus doses, and use of continuous subcutaneous insulin infusion (CSII) for insulin delivery (Campbell et al., 2014) . Family variables can serve as risk or protective factors. Supportive yet authoritative parenting improved A1c (Helgeson et al., 2008) , whereas parent helplessness was related to poorer metabolic control (Shorer et al., 2011) . In addition, when parental goals (a process variable) targeted better A1c, the adolescent had both an increase in frequency of blood glucose monitoring and a lower A1c (Boot, Volkening, Butler, & Laffel, 2013) .
Evaluation of factors related to diabetes-specific quality of life in adolescents with Type 1 diabetes found mixed results. Several researchers have found a relationship between A1c and diabetes-specific quality of life (Jaser et al., 2012 : Nardi et al., 2008 , whereas others have not (Grey, Boland, Yu, Sullivan-Bolyai, & Tamborlane, 1998) . However, depressive symptoms have consistently been related to diabetes-specific quality of life (Hilliard, Mann, Peugh, & Hood, 2013; Lawrence et al., 2012) . Other factors contributing to lower diabetesspecific quality of life included younger age, female gender, public insurance, less educated parents, and treatment with insulin injections (vs. CSII; .
A select number of intervention studies have found that enhanced adolescent process variables (self-regulation skills and abilities) impact self-management behaviors and health outcomes. Coping skills training and problem-solving interventions improved self-efficacy, self-management behaviors, A1c, and diabetes-specific quality of life (Grey, Boland, Davidson, Li, & Tamborlane, 2000; Jaser et al., 2012) , and a behavioral family intervention improved parent and adolescent communication and A1c (Wysocki et al., 2006 (Wysocki et al., , 2007 .
Overall, research findings suggest that changes in health outcomes in adolescents with Type 1 diabetes reflect complex, multifactorial processes at multiple levels. Little is known about how self-management processes occur in adolescents, and even less is known about how self-management behaviors impact health outcomes. With the exception of Jaser et al. (2012) , who found that self-management behaviors mediated the relationships between coping skills and A1c and diabetes quality of life, few studies have tested relationships among process variables, self-management behaviors, or health-related outcomes.
Purpose
This study was designed to further understand the process of self-management in adolescents with T1D and their families through the lens of IFSMT. The aim was to test relationships proposed by IFSMT, specifically the following: FIGURE 1. Individual and family self-management theory (Ryan & Sawin, 2014 
METHODS

Design and Sampling
This correlational, cross-sectional study included adolescentparent dyads from a Midwestern diabetes specialty care clinic. Adolescents were 12-17 years. Criteria for inclusion were (a) diagnosis of Type 1diabetes for at least 1 year, (b) able to read English, and (c) adolescents without developmental disabilities or major psychiatric symptomology. Power analysis indicated that at least 91 participants were needed to conduct a multiple regression analysis with five variables-assuming a medium effect size, a power of .8, and a p-value of .05. The recruitment goal was 25% higher than recommended by power analysis to assure a sufficient sample. Of the 115 consented families, 106 dyads returned the questionnaires; three were omitted as they did not meet inclusion criteria. The resulting 103 dyads slightly exceeded the number identified in the power analysis. Approval for the study was obtained from academic and clinical institutional review boards. When potential dyads expressed interest, the study was explained by the researchers, and consent was obtained from parents. Assent was obtained from adolescents who either signed a separate form for youth of 12-13 years or documented assent on the consent form.
Measures
Clinical and select demographic data were extracted from the medical record by the first author. Family variables and IFSMT concepts were measured with a variety of established instruments with evidence for reliable and valid scores (Table 1) .
Procedures
Participants were recruited at clinic or via diabetes registry. After consent/assent, participants completed either printed or Internet-based surveys; only eight dyads chose the latter. In the printed option, two sets of surveys-adolescent and parent-were provided to participants with separate return envelopes. Each participant received a $25 gift card upon survey completion.
Data Analysis
All data were analyzed using SPSS (v. 20.0, Chicago, IL) . A preliminary analysis was conducted to assess for missingness, describe sample characteristics, and estimate reliability of scores for all instruments. Correlational analyses were used to evaluate multicollinearity among variables of interest. Subscale scores with reliabilities less than .6 were excluded from the analysis. Relationships between and within study variables were assessed.
Missing data accounted for less than 5% of each subscale under investigation, except for two items in the diabetesspecific health-related quality of life measure. Most survey items had less than 2% missing data. Little's missing completely at random test was conducted, and results indicated that missing completely at random was plausible. Missing data were then imputed using the maximum likelihood approach (McKnight, McKnight, Sidani, & Figueredo, 2007) .
Bivariate correlations between all potential predictor and outcome variables were evaluated. Using IFSMT to guide the selection of key predictor variables, variables with the highest correlation to one of the two outcome variables were included. Two variables from the context dimension (complexity of the condition and depressive symptoms) and three process variables (self-efficacy, self-regulation: goals and communication) with significant correlations (r =.24-.50) to the outcome variables were included in the hierarchical multiple regression. The distribution of each outcome variable was determined to meet assumptions required for regression, specifically, linearity, normality, and homoscedasticity. In order to control for potentially inflated Type 1 error, a Bonferroni approach was used to adjust for multiple comparisons. Three hierarchical multiple regressions with variable entry guided by IFSMT categories were used to address the research questions.
RESULTS
Characteristics of the sample are summarized in Table 2 . The mean age of participants (14.2 years) was slightly skewed toward the younger age. Most of the adolescents (60%) had lived with Type 1diabetes for more than 5 years, and 22% had lived for more than 10 years. Most adolescents were male and on an intensive management regimen, but only 36% were on CSII, and few (8%) had a diabetes-related hospitalization in the last year. Three fourths of the adolescents had a relatively good grasp of diabetes self-management facts. Most had a relatively high level of self-efficacy, felt they met or were meeting goals, showed favorable problem-solving actions, and generally perceived good parent collaboration regarding self-management issues. However, they only reported a moderate amount of discussion regarding diabetes-related concerns with parents, providers, and peers. Adolescents performed a moderately high number of self-management behavior activities. In contrast, they did not perceive a high degree of parent help or support with regards to deciding an insulin dose, and only 35% had a T-score greater than 50 on the PROMIS depressive symptoms measure, and even fewer (22%) had scores more than 1 standard deviation above the mean based on norm data. Increasing regimen complexity was moderately associated with lower A1c levels; depressive symptoms were moderately negatively associated with both self-management behaviors and diabetes-specific quality of life. A moderate relationship was found between communication, goal setting, and self-management behaviors. Self-efficacy, problem solving, and communication were moderately correlated with diabetes-specific quality of life; self-management behaviors were highly correlated with diabetes-specific quality of life (Table 3) .
In the first hierarchical multiple regression analysis, context variables (regimen complexity and depressive symptoms) explained 26% of the variance in self-management behaviors (Table 4) . After entry of process variables (selfefficacy and communication), an additional 12% of the variance was explained. In this final model, only two variables were significant: depressive symptoms and communication. Next, hierarchical multiple regression analyses were used to evaluate whether select context, process variables, and selfmanagement behaviors could explain the distal outcomes of A1c and diabetes-specific quality of life. For A1c, only regimen complexity was significant; using a more complex diabetes regimen explained 11% of the variance. Neither of the regression steps adding process variables or self-management behaviors was significant. For diabetes-specific quality of life, regimen complexity and depressive symptoms explained 26% of the variance; 36% of the variance was explained when self-efficacy and communication variables were added in Block 2, and 52% of the total variance was explained when self-management behaviors was added at Step 3. In the final model, three variables were significant: depressive symptoms, self-efficacy, and self-management behaviors.
DISCUSSION
A prominent finding of this study is the differential role of IFSMT context and process variables on the proximal outcome of self-management behaviors and distal outcomes of A1c and diabetes-specific quality of life. Furthermore, self-management behaviors had no role in A1c, but a substantial role in diabetes-specific quality of life. Depressive symptoms, self-efficacy, and self-management behaviors explained a substantial amount of the variance in scores measuring diabetes-specific quality of life. However, only a small portion of A1c was explained by regimen complexity.
A lack of relationships with any of the process variables or self-management behaviors is concerning. This is somewhat inconsistent with past studies that found significant but generally small relationships among these variables (Guo et al., 2011; Hanna, Weaver, Slaven, Fortenberry, & DiMeglio, 2014; Jaser et al., 2012; Wysocki, Buckloh, Antal, Lochrie, & Taylor, 2012; Wysocki et al., 2007) . Our cross-sectional study was not powered to identify a small effect size. However, the differences in findings could also be due to the composition of the self-management measures. The Diabetes SelfManagement Profile developed by Wysocki et al. (2012) has more questions on monitoring blood glucose and may be more sensitive to A1c. In addition, ages of youth in the studies or use of the adolescent or parent as informant could influence findings.
Our study, like those cited in the review of literature, found that depressive symptoms-although not high enough to be classified as clinically significant-were related to health outcomes. Hood et al. (2012) found an association between increased levels of depression and inflammatory and metabolic markers in adolescents with Type 1 diabetes. The presence of depressive symptoms, even if at levels that are not extremely high, is an important assessment finding in adolescents with T1D.
In this study, increased self-efficacy was associated with increased diabetes-specific quality of life. Self-efficacy theory proposes that confidence in one's ability to engage in a Note. A1c = hemoglobin A1c; FaMM = Family Management Measure; QoL = quality of life; SM = self-management; SMOD-A = Self-Management of Diabetes in Adolescents. *p < .05. **p < .01. behavior or perform a task determines what behaviors they will participate in, how long they will persist, and the effort they will expend (Bandura, 1997) . As proposed in IFSMT, self-efficacy leads to engagement in self-management behaviors. Further development and study of interventions designed to enhance self-efficacy, and subsequently self-management behaviors, is in order. The role of self-management behaviors in this study sheds further light on the importance of this construct. According to IFSMT, adolescents with Type 1 diabetes will engage in self-management behaviors if they have the knowledge and capacity to understand how to manage Type 1diabetes, exhibit self-efficacy, and develop self-regulation skills and abilities to facilitate engagement in self-management activities. On the basis of the exploratory findings from this study, selfmanagement behaviors could increase understanding about how to improve diabetes-specific quality of life in adolescents with Type 1 diabetes. The analysis also supported the role of direct effects of context and process variables on diabetesspecific quality of life, which also needs to be further explored. Additional longitudinal studies are needed to evaluate potential mediation effects (MacKinnon, 2008) . 
Limitations
This study has limitations associated with survey research: A convenience sample can yield selection bias. The sample was relatively homogenous, Midwestern, Caucasian, and from two-parent families. In a cross-sectional study, multiple regression analysis reveals relationships among variables but does not imply causation (Tabachnick & Fidell, 2006) . In addition, there was no way to guarantee that solicited responses were obtained independently or from the intended participant(s). Adolescents with significant depression or depressive symptoms might not be represented in this sample. Scores from two instruments lacked optimal reliability: Condition Management Effort Subscale and Self-Management of Diabetes in Adolescence Problem Solving Subscale (Table 2) . Examination of these subscales did not reveal items with low item to total correlation. Neither of these subscales has been used widely and may need further testing.
Conclusions
Findings from this study contribute to understanding how key context and process variables are related to self-management outcomes. Although the current analysis indicates that diabetesspecific quality of life can be enhanced by self-management behaviors, the same does not hold true for metabolic control indicated by the A1c level. The mechanisms were very different for these two distal outcomes. The presence of depressive symptoms is a comorbid condition in adolescents with Type 1 diabetes that can wreak havoc on plans designed to improve self-management behaviors and diabetes quality of life. In order to impact outcomes in youth with Type 1 diabetes, it is critical to evaluate mental health status. Further research designed to investigate key variables and relationships within IFSMT affected by depressive symptoms is needed to more fully understand how to optimize self-management behaviors. If model assumptions are accurate, enhancing self-management behaviors, in turn, will impact outcomes of adolescents living with this complex chronic disease.
